Haploid strains of Kluyveromyces Zactis were used to study the factors that influence mating ability. Analysis of sterol extracts of cells showed that ergosterol acts like a matingcontrol sterol, depending on the frequency of subculture and the content of intracellular Ca2+. Mating reaction was abolished in yeast cells placed in contact with the ionophore A23187 when Ca2+ was absent from the medium. Glucose at concentrations above I % in the medium repressed the mating process; this repression could be reversed by either dibutyryl cyclic AMP or caffeine. In starved cells glucose stimulated mating ability if provided in the presence of oxygen; in these experiments cyclic AMP and caffeine had no effect.
INTRODUCTION
The presence of hormone-like substances with the ability to regulate the mating reaction in haploid yeast was originally observed by Levi (1956) . Since then there have been a number of reports on the isolation and characterization of these hormone-like substances. In most cases, sexual cell agglutination was used to test their activity. Although the mating reaction in yeast is initiated by sexual cell agglutination, it has not been shown unequivocally that agglutination is obligatorily connected with mating (Brock, 1965) . The hormone-like substances that have been characterized chemically can be placed in one of three groups : glycoproteins for the sexual agglutination of Hansenula wingei (Brock, 1965 ; Taylor, 1964) or Sacclzaromyces cerevisiae (Shimoda & Yanagishima, 1975 ; Shimoda et al., 1975) , oligopeptides active in the sexual agglutination of S. cerevisiae (Duntze et al., 1970; Sakurai et al., 1976 ) and non-saponifiable lipids -either sirenin, a sesquiterpene produced by female gametes of Allomyces with a powerful attractant action on the male gametes (Machlis et al., 1966) , or 'steroid hormones' which make S. cerevisiae cells of the opposite type expand (Takao et at., 1970) .
The synthesis of such hormones should depend on the metabolism of the cell. Thus in Kluyveromyces Zactis, the partial pressure of oxygen (PO,) affects the synthesis of sterols which, in turn, influences the mating ability (Mas et al., 1974) . In this paper, we report further investigations of K. lactis. In particular, we have extended our study of the participation of sterols in the mating ability of K. lactis and examined the effect of the availability of glucose in the medium on the mating frequency. Since an excess of glucose in the medium repressed the mating process, we also investigated the role of cyclic AMP and Ca2+ on cell mating. in different media. ME agar [ 5 % (wfv) Difco malt extract broth plus 2 6 % (wfv) Bacto-agar] was used in studies of mating ability in 'old' and 'fresh' cultures (see below) and in experiments to investigate the effect of steroids or Ca2+ on conjugation; where indicated, it was supplemented with ergosterol or other steroid. SCM (solid conjugation medium) was 1.7 % (w/v) Bacto-agar supplemented with glucose, caffeine and/or dibutyryl cyclic AMP at the specified concentrations. LCM (liquid conjugation medium) was 10 ml of a solution containing different concentrations of glucose, dibutyryl cyclic AMP or caffeine. SD agar [0.67% (w/v) Difco yeast nitrogen base without amino acids, 2% (w/v) glucose and 1.7% (w/v) Bactoagar] was used for selection of prototrophs.
Sterol analysis. Non-saponifiable sterols were extracted by the method of Breivik & Owades (1957). Sterols were identified first by thin-layer chromatography using silica gel G plates impregnated with 476 silver nitrate. Sterol extracts were diluted with absolute ethanol and run in ethyl acetate/benzene (2: 8, v/v). The Lieberman Butchard analysis was used to develop the plates. The absorption spectra of these same extracts were recorded between 190 and 310nm. To isolate the sterols, the extracts were separated by thin-layer chromatography using the same method and re-extracted from the silica gel with heptane. For dry weight determinations, 200 mg cells were diluted in 10 ml 50 mM-phosphate buffer pH 7.0, filtered through pre-weighed Millipore membrane filters (type HAWG 047SO), and reweighed after drying at 85 "C for 24 h. The relative percentages of sterol were calculated by the method of Breivik & Owades (1957) .
Experiments with 'fresh' and 'old' cultures. 'Fresh' cultures denotes those subcultured daily on solid YPAD, and 'old' cultures denotes those that were maintained for 1 month at 5 "C on the same medium. Fresh 24 h plates from either kind of culture were always prepared (as described below) before crosses were made.
Diploid formation and isolation. Haploid cells were grown in YPAD medium at 29 "C for 24 h. Then five loopfuls of each strain were suspended and mixed in 1 ml 50 m-potassium phosphate buffer pH 7.0. A sample was immediately withdrawn, diluted with the same buffer and the concentration of cells was estimated spectrophotometrically. The heavy suspension was then adjusted to contain a fixed number of cells and mixed using a Vortex mixer. One drop of this suspension, containing 5 x lo6 cells (& 10 %), was added to conjugation media [ME or SCM in plates or LCM in test tubes (150 x 18 mm)]. The samples were incubated at 29 "C for 24 h to allow conjugation to take place. For experiments to investigate the effect of starvation on mating ability, the following modifications were made. Five loopfuls of each strain were suspended separately in test tubes containing 10 ml 50 mM-potassium phosphate buffer pH 7.0 to obtain the same turbidity, and they were continuously shaken for 24 h at 29 "C. Cells were then sedimented at 2000 g for 10 min, resuspended in 0.5 ml of the same buffer and mixed to start conjugation; samples (0.1 ml) of the mixed cells were immediately added to different conjugation media [SCM in plates or LCM in test tubes (150 x 18 mm)] and kept at 30 "C for 24 h under different conditions (see Results).
Diploids were selected by prototrophic growth on SD agar. A suitable dilution of the cell suspension was spread on SD medium, plates were incubated for 48 h at 29 "C and the diploids obtained wzre counted.
Total cell concentration was estimated spectrophotometrically after appropriate dilution. Statistical significance between comparable groups was determined by the Student's test. The experiments were carried out at normal oxygen saturation in Mexico City ( P O , 122 mmHg), except for those in which vigorous aeration was used.
Ca2+ measurements. Samples of cells were taken from YPAD plates before treatment with the ionophore A23187 (Reed & Lardy, 1972). They were quickly washed three times in double-distilled water, broken in 10 ml double-distilled water with a Ribbi Cell Fractionator (Sorvall) operating at 138 MPa, and centrifuged for 30 min at 105000 5. The supernatant was analysed for Ca2+ without further treatment using atomic absorption spectrophotometry. The pellet was digested overnight at 40 "C with 3 ml of a 1 :2 (v/v) mixture of 60% perchloric acid and 30% hydrogen peroxide. The resulting solution was diluted to 10 ml with double-distilled water and analysed for Ca2+ in the same way as the supernatant.
Experiments with A23187. In all experiments 24 h cultures were used, which had previously been transferred daily for 3 d to fresh solid medium. Two loopfuls of each a and a strain were diluted in 0.05 m-CaCI, pH 7-0, or 0.05 M-potassium phosphate buffer pH 7.0 to obtain the same final turbidity. They were mixed or kept separate in the required buffer in the presence of the ionophore A23187 (final concentration 0.1 PM) and incubated for 1 h at 30 "C. The samples were then washed three times with 0.5 mM-EGTA buffer pH 7.0.
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Effect of added ergosterol on mating ability according to the sex of the strains. The results are expressed as a percentage of the number of diploids detected by crossing strains W600B and WM37 in the presence of ergosterol (0.1 pg ml-l). S after the strain number indicates that ergosterol (0.1 pg ml-l) was added during the growth of the strain in YPAD. The horizontal line at the end of each bar represents the standard error in five independent assays.
Portions of the a or a samples which had been incubated separately were mixed and pIated on ME agar, as were the cells mixed before treatment with A23187, and then incubated at 30 "C for 24 h to allow conjugation. Diploids were selected in the same way as described above.
RESULTS
Each experiment in diploid formation and isolation was always done with its corresponding controls. Reproducibility was excellent within individual experiments, but it was poor between experiments done 2 months apart, although the qualitative response was consistent.
Eflect of sterols on the mating reaction It has previously been shown that diploid cells obtained from crosses with 'fresh' cultures are minimal in contrast with those from crosses with 'old' cultures (Mas et al., 1974) . Thin-layer chromatographic analysis and spectrophotometric analysis of sterol extracts from 'fresh' and 'old' strains revealed that only the 'old' W600B (a) strain had a high content of ergosterol (2.83% on a dry weight basis) and also another compound with the same mobility (RF 0.75) as 24,28-dehydroergosterol. The sterol extracts from the 'old' WM37 strain and the 'fresh' strains showed similar patterns (no more than 0.21 yo on a dry weight basis). The compound with the same mobility as 24,28-dehydroergosterol was re-extracted from chromatographic plates. It was incapable of increasing the mating reaction, as did ergosterol when added simultaneously to both a and a strains before mating (Mas et al., 1974) . The formation of diploids was also increased when either an a or an a strain was grown in medium supplemented with ergosterol, except for crosses of strains K3 and W600B which always showed a low rate of diploid formation (Fig. 1). 
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J. MAS, w. GLENDER A N D E. PIRA Eflect of the availability of glucose and the concentration of cyclic AMP on the mating reaction Since the availability of oxygen modifies the mating reaction of yeast cells (Mas et al., 1974) , the effect of the availability of glucose on the mating reaction was investigated. Some quantitative differences are apparent between the results of Tables 1 and 2, which represent experiments done 3 months apart. However, the qualitative response in each experiment was the same: as the availability of glucose in the medium was increased, the formation of diploids decreased. This effect was partially reversed by adding cyclic AMP or caffeine to the conjugation medium (SCM). The observed changes in optimal glucose concentrations at certain concentrations of cyclic AMP and caffeine (Tables 1 and 2 ) warrant further study.
The effect of starvation on the mating ability was also investigated. Haploid cells were starved separately for 24 h before mixing them in solid conjugation medium (SCM), or in liquid conjugation medium (LCM) in order to exclude any effects mediated by the agar in SCM. Under these conditions, glucose did not exert any inhibitory effect on conjugation in LCM ; in SCM, it not only had no inhibitory effect but was stimulatory (Table 3) . Under all these conditions, addition of dibutyryl cyclic AMP or caffeine had no effect (Table 3) . Since the availability of oxygen modifies the mating reaction of yeast cells (Mas et al., Factors afecting mating ability in K. lactis 437 1974) and the sedimentation of cells in LCM is rapid, it is possible that starved cells cannot use glucose adequately to carry out the conjugation process due to the restriction of oxygen diffusion to the cells. Hence, the effect of starvation in LCM was studied under different experimental conditions. The results (Table 4) showed that oxygen availability is important only for starved cells mating in the presence of 20/, glucose. It has no stimulatory effect on those mating in the absence of glucose.
Efect of Ca2+ on mating ability As Ca2+ has been implicated in some reactions involving cyclic AMP (Rasmussen & Tenenhouse, 1968) , the participation of this cation in the mating process was examined. Table 5 shows the intracellular Ca2+ concentrations of each of the strains; strain K3 has a lower Ca2+ content than any of the others. For the purpose of manipulating the intracellular concentration of Ca2+, the ionophore A23 187, reported to be a specific translocator for divalent ions (Reed & Lardy, 1972; Wong et al., 1973) , was used. Strain K3 was the most reactive to the combined action of Ca2+ and ionophore (Fig. 2) : an increase in diploid formation was observed when K3 was preincubated with the ionophore provided 
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W600B X WM37 W600B X K 3 W600B X WM37-I W600B X K3-I W600B-I X WM37 , . W600B-I X K 3 Fig. 2 . Effect of Ca2+ in the presence of the ionophore A23187 on mating ability of K. Zuctis. The results are expressed as a percentage of the number of diploids obtained in the cross of W600B with WM37 in the experiments of series A. In all cases, the a strain W600B was crossed with a strains WM37 (diploid formation represented by diagonally shaded bars) or K3 (diploid formation represented by cross-hatched bars). Addition of the ionophore is indicated by I after the strain number. The experimental details are given in Methods except that in the experiments of series A, cells of opposite sex wxe mixed together (with or without the ionophore) in 50m~-potassium phosphate buffer pH 7.0 and washed and plated on ME agar; while in the experiments of series B, potassium phosphate buffer was replaced by 50 mM-CaC1,. In the experiments of series C, cells were suspended separately in 50 mM-CaC1, and conjugation was started later, i.e. once cells had been washed and plated on ME agar. The horizontal line at the end of each bar represents the standard error in five independent assays.
that Ca2+ was present in the medium. In the absence of Ca2+ in a medium containing the ionophore, the mating process was totally blocked in all the strains used (Fig. 2) .
D I S C U S S I O N
Information available in the literature, together with results presented here, are insufficient to give a satisfactory description of the factors involved in the mating process and diploid formation in yeast and a relationship has not been established between hormone-like substances and the experimental results reported here. In this work, mating ability was measured by diploid formation and no attempt was made to prove that mating is the limiting step in diploid formation where the parameters studied in this work might act.
Factors aflecting mating ability in K. lactis 439 The use of diploid formation as the index of mating ensures that mating has occurred, a fact which cannot be unequivocally established when agglutination is used as the mating index (Brock, 1965) .
Ergosterol stimulated the mating reaction irrespective of the sex of the strain and under well-defined experimental conditions, such as low content of ergosterol in the cells, but only when certain concentrations of intracellular Ca2+ were present. One possible explanation is that cells cultured in the presence of ergosterol incorporate it into their membranes (just as cholesterol is incorporated into bacterial membranes; Razin, 1975) , and so more Ca2+ might be stored in the cytoplasm since sterols are known to decrease the permeability of polar molecules and ions in some membranes (Demel et al., 1972) . The participation of Ca2+ in the mating process was also apparent from the experiments with the ionophore A23187, which increased the frequency of mating in cells with low Ca2+ contents when the cation was in the incubation medium. In contrast, if the incubation medium was deprived of Ca2+, the ionophore abolished the mating, probably by depleting the cells of the Ca2+. Duffus & Patterson (1974) concluded that a pool of Ca2+ and Mg2+ is essential for cell division in Schizosaccharomyces pombe. An initial Ca2+ influx seems to be more important in the first stages of conjugation since both types of cell (a and a) incubated together in presence of the ionophore A23 187 showed greater efficiency of diploid formation than did cells which were incubated separately. Under normal conditions in Schiz. pombe, the transport of Ca2+ is energy-dependent (Boutry et aZ., 1977) : in our system the ionophore might save this energy.
Glucose showed both stimulatory and inhibitory effects on mating ability. The stimulating action of glucose may be associated with the requirement for energy to achieve conjugation. It was only observed after the cells had been starved and when the glucose was offered in combination with oxygen. In S. cerevisiae, cell fusion is completely blocked by 2-deoxy-~-glucose, mainly by inhibiting the synthesis of wall polysaccharides (Shimoda & Yanagishima, 1974) . The inhibitory action of glucose on diploid formation in yeast cells which had not been starved seems to be related to 'catabolite repression ' control. Mahler & Lin (1978) argued that the involvement of cyclic AMP in intracellular regulation in S. cerevisiae is ambiguous and its interpretation controversial, particularly with respect to its significance in, and relevance to, catabolite repression (Linnane et al., 1972; Perlman & Mahler, 1974; Zimmermann et al., 1977) . Furthermore, there is no available evidence for the involvement of cyclic AMP in catabolite repression in K. Zactis. Attempts to elucidate the function of cyclic AMP in yeast have been directed towards the control of 'glucose repression' in the synthesis of diverse catabolite-sensitive enzymes (Schlanderer & Dellweg, 1974 ; Mahler & Lin, 1978) and sporulation capacity (Tsuboi & Yanagishima, 1973) . Within the limitations outlined above the results obtained here with cyclic AMP and caffeine are compatible with the idea that the formation of diploids in yeast is, at least in part, under the control of catabolite repression.
More information is needed to extend our understanding of the factors regulating mating ability and the formation of diploids at the molecular level in a simple eukaryote.
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